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Abstract of JP2002251 1 74 

PROBLEM TO BE SOLVED: To obtain a voltage level 
converter In which through current is sufficiently 
suppressed. SOLUTION: In a voltage level converter 
which is constituted of MISTFTs which use poly crystalline 
silicon as semiconductor layers on an insulated substrate, 
the input terminal of input pulses is connected respectively 
to gates of an NMISTFT1 and a PMISTFT1 and a first 
terminal and the gate of a PMISTFT3 via a capacitor 1 and 
the Input terminal of the input pulses is connected 
respectively to gates of an NMISTFT2 and a PMISTFT2, a 
second terminal and the gate of an NMISTFT3 via a 
capacitor 2 and, moreover, second terminals of the 
NMISTFT1 and the PMISTFT1 and the first terminal of the 
PMISTFT3 are connected respective to a high voltage 
supply side and first terminals of the NMISTFT2 and the 
PMISTFT2 and the second terminal of the NMISTFT3 are 
connected respectively to a low voltage supply side and 
the connection point of the second terminal of the 
PMISTFT3 and the first terminal of the NMISTFT3 are 
made to be an output terminal. 
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(N4) ii/-KN4(DMSi, v I NTitt lcoa^ 

KN 4<nm&X1hZ> 0 
[0 0 4 5] NMOS3«y-hSE^V (N2) =V 
SS+| Vth (PMOS 2) | ^*o^ir*<7>«aS«t 
(8) iL, 



[&8] I (NMOS 3 ; V t h (PMOS 2) ) 

'>tt<fcfc, ftS: (9) ^*f*Sr»i^-f-J:5^5E»KS [0 0 4 6] 
i-ixtfy — KN4©tffV (N4) Mtvssi:48 B 



(8) 



[3&9 1 I (NMOS 3 ; V t h 
(N4) X (\ 

*fc* do) u:*i-»fiUc:fc*fcfe. 

[SclO] 1 V t h (PMOS 2) 
V(N2)=Vth (NMOS3) (DtEIC^of:ir 
NMOS3li*yht7*n5 B »Bt li»f>N 
MOS 3^* * h^-7S*L6*-etOl*IB*: t e f f 1 fc 
i"5^r> PMOS 3nOFFi£ffiT*£>Z><DT\ NMOS 

(&1 H Q 1 (1) = J I (t) 

::*e, i (t) ^N^NMos3(oeii*i 

St. Q (t) ^y~KN4^tr<7)MI, C (N 
4) KN4^«ii-5i, Q (t) /C (N 

4) < (V (N3) (t) -Vth (NMOS2) ) (O 

I (t) =/3N ( (V (N3) (t) -Vth (NMO 
S2) ) * (Q (t) /C (N4) ) - (Q (t) /C 

(N4) ) X (Q (t) /C (N4) ) ) /2 
Q (t) /C (N4) ^ (V (N3) (t) -Vth 

(NMOS 2) ) (Oti, 

I (t) = 0N ( (V (N3) (t) -Vth (NMO 
S2) ) X (V (N3) (t) -Vth (NMOS 

2) ) /2 

8l»ttt lHtl + tef f 1 *T?(Oa* 

IHWT5 



PMOS2) ) X (t 2- t 1) 

I NT-VS S) (9) 

[0 0 4 7] 

« 

I < V t h (NMOS 3) ( 1 0) 

^^^-^H^mflSQ* (l) tt, ( 8c* 
(11) 'ttiLhtiZ. 
[0 0 4 8] 



d t (1 1) 

[0 04 9] -t LT, Q' (1) =Q (t = tl) i/j: 
>>— KN4<D*JBEV (N4) BVSSiftS, 
SBM* IS (11) ©Q' (l) 4rQ (t - t l) t*j 

(id ^n*«#p$fw tx^tx^t 

e f f ltt&tf. KN40*EEV (N4) IrVSS 

[0 0 5 0] t I H' 

L 1 £T-A VO©±&!b£-r<5£:, ±»Lfci;9 
tC s MCI, C 2fDS*^^t-ct J — KN 2 % N 
3 COm^d. BtPflt 2«t»?), ^HAV (N 
2) % AV (N3) TNW~5o -£>»£\ 7 — KN 3 <T> 
^EEV (N3) (*±5£ (4) *«(12) fcft 

[00 5 1 ] 



[*1 21 V (N3) =VSS+|Vth (PMOS2) |-AV (N3) 

= VS S-V t h (NMOS 2) -V 2 e f f (12) 

wtLiC±0, y-KN30lEV (N3) , i-ftt>t?, 2comHV (N2) fi±i?C (3) (13) 

NMOS 3(DV— MEttNMOS 3<DV — ^m/EVS fcttS. 
S^^Vth (NMO S 2) + V 2 e f f ffltteV^te [0 0 5 2] 

t*5WT\ NMOS3liOFFttil-45 B /-KN 



[mi 3] V (N2) =VDD+|Vth (NMOS1) |-AV (N2) 

= VDD- | V t h (PMOS 1 ) | - V 1 e f f (13) 



X*U£j:«K / — KN 2 (DfllEEV (N2) , "t"ftfc*,, 
PMOS *<T>¥— htjEliPMOS 3^V- x^EVD 
Di^) | Vth (PMOS1) |+Vlef ft'ftfi^ 
«fiL£/«£5tf>-C\ PM0S3li0Nttl».lc45 0 

[0 0 5 3] N$ffl t 2^bt 3 tOPfltfii. V t h (NM 
OS 2) ^Vth (NMOS 2) +V 2 e f f Vfotl 
tf, NM0S2^0N«Si/<fDV (N3) f±_h#LT 
V^<#\ VSS-Vth (NMOS 2) 05«EftiffT\ 
NMOS2(i^7 ht7^tl6 ft Z<Dtz£>, NMOS 3 



liOFF«Ht»»t5. 

[0 0 5 4] fl*|W t 2Ji*5^"C. ±5£ (6) KJ: fj % P 
MOS 1 <D^— hWEV (N2) liPMOS l^y~ * 
lEVDDi^ | V t h (PMOS 1 ) |+Vlef f 
fcWfti^ttEcofca^ PMOS l liON#«i:4!K v 

(N2) <7>ffiEEIi±#LT\^<5&^ V (N2) =VDD 
-| Vth (PMOS1) | f^j£-e, PMOSltt*? 

4) 0>B«K*'5*'btf. PMOS3(iON#;i^llft 



[IS 1 4 1 | V t h (PMOS 1) 

NMOS 3liOF FVtm$:mftLX\,^<nX\ PMOS 
3«*y— KN4{C»XLe>ftfc«ffiC (N4) X (VDD 
-VSS) £ (VDDWW f^^ft-^tjxtf, 
KN4(D«BEV (N4) S:VDDK-eS5r 



[0 0 5 5J 

| ^ I V.t h (PMOS 3) | 

(1 4) 

5 0 

[0 0 5 6] PMOS3^y~htli^V (N2) = V 
DD-| Vth (PMOS1) | |:^of:^OPMO 
S 3CD«ffiffi£#:5S; (15) fcL, 



[3S1 5] I (PMOS 3 ; V t h (PMOS l) ) (15) 

'>*< it, ^ (1 6) O^SrWfc-Tct 51C*»R |0 0 9 7l 

— KN4(D«J£V (N4) (iVDDC^^ 

i 

[&1 6 1 I (PMOS 3 ; V t h (PMOSl) ) X (t 3 - t 2) 

(N4) X (VDD-VSS) (16) 

£fc. | Vth (PMOS1) | < | Vth (PMOS PMOS 3{:«t ^)f-f t^^^K 

3) |-e$>5^e>i^> pmos 3*5*3/ h*7$tiz>Wf 5«^q' ( 2) ■ ( i 7) -e#x.<b*x3 0 

&kteZ 0 SfH t 2 PMO S 3 ^ h t7 [0 0 5 8] 

£-C*G0B#fH£: t e f f 2 fc-rst, NMOS 3ttOFF 



[&1 7] Q' (2) = J I ( t) 

i (t) js pStpmos 3<n9M&9k, q 

(t) t T*^«W*. C (N4) £ 

y-KN4<OStit5t, PMOS3C0liI (t) 
11. Q (t) /C (N4) < (V (N3) (t) - | V 
t h (PMOS 1) | ) <Dt£, 

I (t) =0P ( (V (N3) (t) - | Vth (PM 

051) |) <Q (t) /C (N4) ) - (Q (t) / 
C (N4) ) X (Q (t) /C (N4) ) ) /2 

Q ( t) /C <N4) £ (V (N3) ( t) - | V t h 
(PMOS 1) | ) <Ok%, 

I (t) =j3P ( (V (N3) (t) -Vth (NMO 

52) ) X (V (N3) (t) -Vth (NMOS 
2) ) /2 

T--5-;^ft, fl^tt t 2^£> t 2 + t e f f 2£-C£>&# 

IWfT9 t>^£-r<5o 



d t (1 7) 

[0 0 5 9l^LT, Q' (2) =Q ( t = t 2) t ft 
KN4<DSGEV (N4) fiVDD£#5„ 
ifil^ ±5£ (17) ©Q' (2) SrQ (t = t2) t*5 
^T^^ibn-S^raRS t xjiU x^t'e f f 2&<b 
I2\ y— KN4 05WEV (N4) ^VDDit^:^^ 

[0 0 6 0] GSM t 3~c\ iStfA^A-xv I Nrt** 

tz.£?\C MCI, C 2 0M^ia ^ , y-KN 
2, N3<0«ttte&*M t 3<Z>*fflrt»P>. ^'tlAV 

(N2) , AV (N3) ±#-r^ 0 KN 
2C0«EEV (N2) {*±5£ (3) (1 8) 

PMOS3liK^OFFttiiW„ 

[0 0 6 1] 



IS18) V (N2) =VDD-| Vth (PMOSl) | f AV (N2) 

= VDD + V t h (NMO S 1 ) + V 1 e f f (18) 

m(-<t!?, /-KN3©SJEV (N3) f±_h5£ (4) ft£ c 
&fat>, (19) fcft»K NMOS 3llON^SIi: 

Itl9] V (N3) =VSS-|Vth (PMOS2) | + A V (N3) 

= VSS+Vth (NMOS 2) +V 2 e f f (19) 

[0 0 6 2] t 3^1^ t 4C0^T'{1, V (N2) = MO S 1) ~t'&> „ PMOS 3 CO V — *3UE(3 V DDt 

VDD + Vth (NMO SI) + V 1 e f f <£<7>-C\ N b>Z>1t#>. PMO S 3 teOF F :ft:fi£:*£f5-r 5 0 

MOS1^0N*(St4i)V (N2) l±«'>LtvK [0 0 6 3] PiC, | Vth ( PMO S 2 ) |£Vt 

*V V (N2) =VDD + V t h (NMOS 1) h (NMOS 2) + V 2 e f f Vfrtlti* PMOS 2& 

ttift"C\ NMOSl(W^t7$ti6o ~<Dm, PM ON«^/^V (N3) 12US'> L"OK ri^ V (N 

OS 3<Dtf— hSJEiiV (N2) =VDD+Vth (N 3) =VSS+| Vth (PMO S 2 ) | (nM&ttfcX 



I' 

» » 



[00 6 4] CCDPt, | V t h (PMOS 2) | £V.t 
h (NMOS3) tehtf. NMOS3|j:ONttlBK 
U | Vth (PMOS2) | < V t h (NMO S3) 
fc*>tt\ V (N3) =VSS+Vth (NMO S 3 ) \Z 

OFFtSi/i^ :i0>»3\ | Vth (PMOS 2) 
| ^Vth (NMO S3) t <DWmi±, »*M t 1 3&><b t 

[0 0 6 5] E*T\ mifcrixASl»0 5SSnT»ffL, B 
1 (b) COV (N4) |c*-#-J:5t^ YDD-VSS© 

JB«**i-5^^^;c«E^^ift$ix, tai (b.) 

(DV (N4) tC^-f J: 9i-> VDD-VSS^SI^t 



[0.000] Htt0«2. S3 ft, *«^-<fc5iftfi*^ 

&tfrtm&mx\ mi (a) i#jSLfcHi:*o-c^ 
£ 0 eii (a) kmftzm&n. mtt^teMsmm 

[chZ> 0 Z(D£?{cLtzm&lc. Ml (a) <nm?&hVt 

[00 67] 1U1 (a) (D[HI2SC0 

, v (N4) tv.ssi:, *fc, S; (1.6) Sr. v (N 
4) frVDDW5*#i:R3tt5o 
[0 0 6 8] *i\ J:5t (9) ilftiC (2 0) 



[»20] I (NMOS 3 ; V t h (PMOS 2) ) X ( t 2 - t l) 

^ {C (N4) + CL} X (VDD-VSS) (20) 

5t (1 6) ttft^C (2 1) left*, 

[ft2l] I (PMOS 3 ; V t h (PMOS 1) ) X (t 3 - t 2) 

^ {C (N4) +CL) X (VDD-VSS) (21) 

zjx6^a4r*WrS*^S:^*»i-s±a; (20), [0 0 6 9] 

(2 1) ft, (2 2) . (2 3) UlfeSo 



[^22] CL^ {I (NMOS 3 ; Vth (PMOS 2) ) X ( t 2 - t 1 
) } / (VDD-VSS) -C (N4) (22) 

[ft 2 3] CL^ (I (PMOS 3 ; V t h (PMOS l) ) X ( t 3 - t 2 
) } / (VDD-VSS) -C (N4) (23) 



mm<Dmcmz-tz> t . **vctlR5*; (2 4) 

5) tt£Z> 0 



(2 



[0 0 7 0] 



[»24] ( t 2- t 1) ^ {C 
/ (NMO S 3 

[ft 2 5] (t 3- t 2) ^ {C 
/ (PMO S 3 

nMvy^z&m^zk, ^n^n#*t (26) , (2 

7) iftfi. 



(N4) +CL) X (VDD-VSS) 

; V t h (PMOS 2) ) (2 4) 

(N4) +CL1 X (VDD-VSS) 



V t h (PMOS 1) ) 
[0 0 7 1] 



(2 5) 



[ft 2 6] I (NMO S3 ; V t h (PMO S 2) ^ 

{C (N4) +CL} X (VDD-VSS) / (t2-tl) 



(2 6) 



[ft27] I (PMOS3;Vth (PMOSl) ^ 
{C (N4) +CL} X (VDD-VSS) / (t3-t2) 
[0072] ztnm&s -bS; (2 0) frh (2 7) {ZtS 

^t, q&iaffli^ia^fif tnz-Zh, ^ (22) , (2 

3) CJo^tftjllfgi^W^ a (24) , (2 5) 
i3<^T**H«ftriS. * (2 6) . (2 7) l:^PTM 
OS h7>^^^>«SIE«-*-ft*>*>y— N<S0^m#. ^ 

ft) Ciot, *ll*«o«£Eu-</ugElftlH]te<05£»*- 



(2 7) 

[0 0 7 3] m4 (a) IS, rftKK^T/j? 

(b) |± % *<r>mh<o%rJ- KJdfc*tS^^^feJK^« 
aat/TUi^o H4 (a) El3(c#j£Lf;:[£!<t 
ttoT*5*K y-KN4SrA^tt5CMOS>fw<- 
I WCMOS^f ^<-^Otii^y - KN 5 ICM 



[0 0 7 4] t4fe*), *i\ & 1 aNKFtfftWEttK 

»«ia»vDDics«3fhfcpa(OMos 

PMO S4t, 51 2 att^fts&ttEttffttttEftv s 5 
C^$nf:ni(OMOS h7y^^NMOS4 hffi 

OS 4 <t n^l<DMOS h7>y^^NMOS 4^»^- h 
^{ipl^MOS h7>y^^PMOS 3 2 <Di^ 
^cirnMcOMOS h7yyX^NMOS4?)Sl« : F 

[0 0 7 5] ^LT, pM(7)MOSh7y^^PMO 
54^2^^ nSOMOS h7y^^NMOS 

L^ttutsnrv^So ±KE*<0Bim-*^-c, v i 

N. V (N2) , V (N3) N V (N4) COmfiEB^W!^ 

[00 7 6] t*C, V (N4) liCMOSW>A-^ 
(PMO S 4 „ NMOS4) <7> A^/W* £ ft !K /~ 
KN5«tH4 (b) JC^i-J; 5ft«E«PW*tttftl9, 
^VU^iS*ffifSF*CL05te««£Ei:ftSo -<0«§£\ - 

<Dm6v>T4 afriecMo 

S^i"*— ^ (PMO S 4 „ NMOS4) (7}^— 

*i J: V/ - KN 4 ^e«i*t*«)*±8t(:H)e$ 

[0 0 7 7] -Jftiftt'te, MSlCLiH 

^SftAfflfi:"C#. #ff*^»«-£»S:a3IWft*^"*- 

[0 0 7 8] HJSffj 3 . u^^3E*0Bcofl!l(O 
Biftot^So B4 (a) <o»£fcjfc«LT«ft*6B 

plWMOS h7>y^^PMOS5fci:(;ni 
OMOS h7>y^^NMOS 5 7^ft6CMOS£r£ 

fftfftGMLV sst (7>wtc**c L £»«£i£fc*]*£ft 

[t29] V (N5) max=VDD 
[t30] V (N5) min=VSS 
[0 0 8 1 ] f:ail'PMOS 3, NMOS 3 <Dy$ t , 
PMOS 1 3, NMOS 1 3<Z)McO^;d^c<b-t-3 

«t«3*#ft*siiy- h (t D -^) mitt. *^ t e 

f f 7^#^*i5 «t 9Kft£ 0 -Tft^*>, it)*^ftA 
^ (PMOS14, NMOS 14) & KKrC £ * <fc 9 1- 

ftO, * <c*»»ic L *5 I i i«-c 

[ 0 0 8 2] V (N6) , V (N7) ^PMOS 

1 3, NMOS 1 3*tl?tl<DL£^&$:&jLizmM 
X\ h7>v ? ^^^ON/OFF^i:^]i) 



Itv^o ceo J; 5ft««*»feft*iaBii*W*ads* 

OS 6ioJ:t/nSicOMOS h7>y^^NMOS6i^ 
ft£CMOS££ ^^m^W^-tte* 
Et*ft»EiV S S t (DIWICMC L irKR S 

ib\ H6^fcv>T, c 6f*y*~ KN 6 <D&i»:§ 

[0 0 7 9] HlfetfM. 1117 (a) fi, 

^ntjgfifij^-^iHiBia-ejb^. IrIB (a) «\ ±«Lfc 

«rtO>«EU"</U«ll«VLC«:** (2©) MftRL 
fct<O-efo0, *#«Jlctt, Hi (a) tC^LfclilB* 
rnllftic, m4 (a) tti^LfcBtttSfegMrU ^hb^ 
08^|:CMOS (PMOS4, NMOS4) 

SlTV^c B7 (b) li, A^^V I N, ±150 
l&<7> / - K N 2 ft L N 8 iZ&lf Z> *tl?tL<DWE$Lffi 
V (N2) ft^LV (N8) trSLTl**. ±|E[HB<D 

■ifp«c*3v^T, v (N5) $.x-<niB^&m*nmm2\c 

12, C11S, C12SH, H4 (a) K&lt 6^* 
CI, C2, CIS. C 2 S{C#ET>i-5 0 C8 

[00 80] -t LT, V (N5) N 6 *> J:t5N 

7cO«-m/EV (N6) , V (N7) wNfflOKffctt:, 04 

(a) l^(t6VIN(^tt^V (N2) , V (N 
3) <DKJCfcH«T-fc6a*, ±*£ (1) > (2) , 

(3) , (4) % (5) feWfc+WI-C, 

(2 8) H^tI!IMfc6<7)(^lT, 

2 8] V I N «VDD (2 8) 

fcst (29) . (30) A$jsSici-s^)-e, 



(29) 

(30) 

gftr\ ^vu*fr^£&lB:i-i£6 - t a?-c£ $«t9 t^ft 
[0083] mmms. ±*Lfc*«is«-ctt, atv< 

/i^V I N A^]*f <!: BtffitSMfiift V D D ^ 

tiC 1 t nl(OMOS h7>^^NMOS 1 
A*itMffll*£ft-Cl*a*V IfD^nl^)MOSh7> 
y^^NMOS 1 «±^-r^-— KcoHlfig^'bfc-tir-CV^ t 

OT'^^o Z.<Dtllsb^ tztZLlXIMl (a) CO(El?§^*i'& 
El 8 (a) (^-Tct -)(^. n^COMOS 



[0 0 8 4] ±i*Lfe#|61fiWr*«i, AtV^ 

*V I NWA*«^ift«tt«»8MMEI»vs S fcon 
2 i pS^MOS h7>'^^PMO S 2rfS 

**NMOS 2tt*V>J-— Kw«MB*rtfc-frrv>4<>w 

"C&So ~<Otz#)^ ^14 9181 (a) <D[E]S§(Di§^£#j 
f££££. EI 8 (b) tC*-fJ:5fc, nS(7)MOSh7 
y^^NMOS 2 4r»ffi^te«E«j^«*&ffii»V S S 

Mb LtifJ*- KD2ic«*ifti5r fc "* 

fc, H8 (c) iC^-fJ: fiufSnM^MOS h^V 

•^^NMOS 1 «r*V KD 1 lC{g£&;L£ t t 
fC s nI©MOSh7^^NMOS2fe^t-K 
D 2 Jftx. £ J: 5 I- L T t «£ v t f4 fc *, 5 

[0 0 8 5] SfcK, JiifiLfc**«Ttt. 118 (d) 
f-^H" p?OMOSF7>^^PMOSlfc 
J:t^pS(DMOS h7^y^^PMOS2^ ^4x^**1 

lattiv^ r<z>#£\ P i©MosF7^^p 

MOS 1 ^oJ:t^p^(7)MOS h7>y^^PMOS 2 O 
ff^J»J*fls^«#*x. 5 «£ 5 ^ tt t J:v c fc I4i ^ * 

[0 0 8 6] tcb?Lltmi (a) C0@Ki-*5V> 

T, NMO S 2 Jb' it^PMO S 2 h^fliffitE 

*«W»Ei»vss«l^aj«S*xfcfc<D-T?ft>5 0 Lti* 

U 19 (a) {ZTjk-rX^lZ^ NMOS2ioJ;i>'PMO 

s 2 (Dffi«£MK{**&K»v s sWicftKSixfc*^ t 

Id, feir^t^l (a) ^HBUlifcSVvC, NMOSlfc 

J:i;pmos l coy- h«?i4K*E«tttttG4kVD 

fct>«o l^u ®9 (b) izfc-r&5{z s mm 

t\ ££1-, 09 (c) 14. HI 9 (a) (C^L^flliSi: 

B9 (b) iz7FLitm&&ki>iz&mLitm&ktevx 



[0087] nmm6. mi o < a ) tt*«wiw«tsjs 

*SK«£^i1eIttl3r<fc5 0 |rH9 (a) iCfc^T, * 
1\ A^A-^V I N^A^^ICn^cOMOS > 
^^NMOSl^ilcOSm ni^MOS 
h7^^^NMOS 2<7>3!l OSIHF^SBRSiiT^ 
5 0 nl^MOS F^y^^NMOSlfcil/nSW 
MOS h7^^NMOS 2<nZft,l:h,<D>f— hti&* 

, ( |0 0 8 8]Vnl©MOS h7>'^^NMOS 1 <p?S 
2^^^-^n^COMOS F7V^^NMOS 3<7)y— 
h *3 Jjtf Wft C B <am l oAB^-^fttt $ thX ^ £ o 
nS^OS f7^^^NMOS 3 2 <04fim4S 

«ffiWSfl«*ElllVDDjraw*ix, *fciBi*>*m4 
SfflKnStoMOS h7^^NMOS2W$2«? 
I£^^£*v0>5 0 :^nWOSf7>^^NM 
OS 2(0|{2^i:nI^MOS h7^yX^NMO 
S3©*l©i?OWI*tt, mIie^*CBCD^2(7)iS 
*fc**ESix-CV*ai:i: fcK, W^*?- (N2) ^«^c 

[0 0 8 9] fc*5, ZK7>HTii, ffifet^ft^ffifc^ IT, 

«fe*jlT^*ixfc**C S(4, .**OB£JL^flfe<OS 
fi. fctWNMOS 3 coy— h^fi, NMOSl^y 

[0 0 9 0] El 10 (b) li, ±ElHlBwibffSr^i-^ 

/^^^r^L^lHT^5 0 £i\ A^/t^V I NI4, -£ 
^S^SEE^rVH. ft/MtJE^VL <t-T5 0 ^ r T% V 
HI±ft*m*«J£VDDCD¥#, i-ttfe*,. fcst (3 

l) IOTt^t:$>^t)(?)tL v VL(4ffiJf*<7>*L«>l$ifc 
U-^A- (GND) k-tZ> 0 
[0 0 9 1] 

[^31] VH-VDD/2 (31) 

%z LT, /WT^mBEVB I ASIiVH^Ll^Oi: 

U ftst (3 2) (c^i-g|#jcfcs^oti--5 B 

[0 0 9 2] 



[3&32] VB I AS = VH = VDD/ 2 (32) 

#nSOMOS h7>y^^NNMOS 1 - 3 CO -*--5„ 
L*V*»4*LV*fc0>& U ^cOteVthirt5 B r [0 0 9 3] 

mi. »a: (33) <Dmm**>z>k<r>ti,x£iTftw 

[133] Vth=VH/3=VDD/6 (33) 

B$[?J] t 1 X\ A^XVINWl/^LowU^ KNl(?)fEVNl{j:, (3 4) T?± 

(J^T. * L * b»i~) ^^)H i gh U^<A- (£XT, ' ft-t-^o 
H' t»t) NMOSl^riioT, /— [0 0 9 4] 



[«34] VN1=VH-Vth (34) 

-KN2<otffvN2fe±a (34) ic^ztizmmc 

[0 0 9 5] rcOB#, / KN 2 (i N <W«g$LRL, y 



T^£<7>-C\ y- K2<0«E±#Jiy— KN1 £0 fc« 
V^tOfcfi3t-t"5. /— KNlOtfVN l^V 

H-vthift»), nmos i ft*? V*y$iMt&<n 

y — KN2GD«JE£VN2 0 t U (35) <7>3M* 

[0 0 9 6] 



[3&3 5] VNl-VN20=VH-Vth-VN20=Vth+a 



Z(DB#. NMOS3I1, -^O^— h«Ert*VN 1 T\ K 

[0 0 9 7] y — K 2 2 ri* VH — V t h <D^ 

{fc£ft£*-Cli. NMOS2tNMOS3(O^P>t 

J:5(-#5„ ^LT, VN2=VH-Vth|:/ji5^ 



(3 5). 

^oTV^;-KN 1 fi^ftCB^r^LTy — KN 2 <t 
ffiVN 1 

[0 0 9 8] y — K2CQ«JEVN 2 tf* VH-V t h <r>M 
ffi^ft ofcWM»-C0> y— KN 1 C0«JEVN 1 ltt, li 

tf, (3 6) T^X.ktK 



[«36j VN1 1=VH-Vth+ (Vth + a) XCB/ (CB + CS) 

(36) 

rrt% (3 7) ^SjdfcSixTt^tfNMOS 3 [0 0 9 9] 

[$C37) VN11- (VH-V t h) = (Vth + a) XCB/ (CB + C 

S) =V th+j3 (3 7) 

ZCDtzfr, NMOS3£ilCT, r ©Rw ; - KN 1 © IE V N 1 A (3 

ft&*#o<5^ y- KN2<D«JEf±±#^jRSt5c * 8) -C-TJ^ft, 

LT, VN2=VH-Vth^(DfE±#^AVi [01 00] 

[&3 8] VN1 A = VN1 1+AVXCB/ (CB + CS) 

= VH-Vth+ (Vth + a + AV) XCB/ (CB + CS) 

(38) 

^OJt (3 8) ^b;-KN2»«EVN2=VH-V !K1i£i|g*rr6 r t Kfc<& 0 
t h + A VSr5IV^fc«VN 1 A-VN2W (3 9) [0 1 0 1 ] 

l^-rftftfrJUfcbTV^ttH-Ctt, NMOS 3 HON 

[%39] VN1A-VN2= (Vth+a+AV) XCB/ (CB + CS) • 

- A V>V t h (3 9) 

(3 9) [C^^T, (4 0) |^i"J:9{-, 



[ft4 0] AV = VDD- (VH-Vth) 

^fc&ss; (4i) j&sjdfcsnstt^tf. 



(4 0) 



[S4ll (Vth + a+VDD- (VH-Vth) ) 
XCB/ (CB + CS) - ( V DD— (VH-Vth) ) >Vth 



y — KN 2 com/EVN 2HVDD^mHI^Tii#-^>5^ 
[0 10 2] ~<DS — KN2^«JE±#*S. /-KN 1 



■■ (4 1) 



[0 10 31 ±ifLtRim L^^llEVthtt 



[0104] B#te t 2 T\ A^^t^V I NcD^EE Uy< 
/v^* H' a**b* L' lc3Effc:i"Si:. A^/^VIN 
0>«EtfU NMOSliNMOS2roy^tfitft 
"9. 2oW h 7>'^^NMOS 1 tNMOS 

2 b<r>f— httJEiiW^-ftl^VB I AS-o*>5a*e^ =fr 
h^v^^^^v^-fixtONltt^i^^D. KNlld 
Si^nfct^liNMOS 1 SriioTA^^/UXV I N 

[0 10 5] *(7)Rfl^e>, ;-KNl|:fxW:t 

«fc»9NMOS 3ttOFFttflK&ft0, VDD^tWW 
(««E) iiJt£5 0 N3lC#;L<bnfc 
««fJ±, NMO S 2 iio-CA*^^ V I NiOAM 
^M^y*J xf-Y^&iStl* /-KN1, N2, N3K 
*3it5mteVN 1 . VN2, VNSJilWixfcVL ( = 

[0106] mmm7. an (a) it. *wnfc:.k* 

»S*^3£ft K JIM * ft* «E ^^ftSV Lewi 
<0»*«S:^-*-[H]»H-C\ H10 (a) IC^Lfcdi: 
4ot^5 Q 010 (a) <7)»^iJfc«^T*fc5«j3t 
It, nMOS h7^?NMOS 2<OV— hfi&T 

I^^^Cfc^/^XV I N i n v e r t**AJj3Jx 



(R,. V J N^«tC invert &tfl°tT^Z& y *WJNB 

[0 10 7] J^T, ±i£Lfc0»O»fE«:Ell 1 (b) 
SrfflV^TIftW-f S, B#r«1 t 1 T\ AA^/^V I Nd*' 
L' H' KaHfcU NMOSlSrStty-KN 

ieo«EVNitt*«: (4 2) 

[0 10 8] 

[K4 2]. VN1=VH-Vth (42) 

NMO S 2 CD.y— h KfiagffiCDV I N i n y e r t *?A 
^^^XTt^coT'. CONf, NMOS 2fiOFF#*i<b 
NMOS 2 4r»L-C«5/ — KN 2 0>«ffi-hJU±tt 

:&/w.'ti-c, (43) ^^nxv^ii 

NMOS 3ttONJR«fc3fcO, / — KN 2 <D«J£ li_L# 
[0 10 9] 

1*4 3] VN1=VH-Vth (43) 

mWtilb* VN1#J:« (4 3) -C^ifeftSmEEfc 

^iftl, KiPiO V N 2 (^)«l£±#»!r A V 1 1 5 , 
^(7)^y^KN10tEVNl Alt W (4 4) t 

[0 1 1 0 ] 



($[4 4] VN1A=VN1 + AVXCB/ (CB + C S) 

= VH-V t h + AVXCB/ (CB + CS) 



(4 4) 



ZcDjX: (4 4) ^fe/-KN2WtEVN2 = AVS:g| 

V^fcffiVN 1 (4 5) <Ojfcftfe«fcL [0 1 1 l] 

rv^lBBl-ewc, nmos 3«iON«ffiSrjKH*i-^r £ 



[S45] VNH-VN2=VH-Vth+AVXCB/ (CB + CS) 

— A V > V t h (4 5) 

Z<Dj£ (4 5) fc^i^r, (4 6) fcJz5K#&;t wtt(c:J;«3#ibixS*«: (4 7) flSffifc SftS&fetf. 

VN2ttVDD(0*EE*-e±#-T5 w^^&S 0 

[*4 6 ] A V = VDD (4 6) 



[*4 7] VH-Vth+VDDX 

i i (b) tr^-fid^, tEi^^Slft^fc^;^ 
w#f>n5o iii (a) ^-t^mmmmx 

It, mi 1 (c) co*n<, NMOS2oy-^^v 

[0112] mmms. mi 2 ( a > tt*«9Hc±*« 
nmm&TF-rmx^ mio (a) ^j:t>*tg]i 1 < a ) iz 

»JSLfci^j:oT^5 fl Hll 0 (a) *Jj:tJ<[2ll 1 
(a) K>**i:.»teS»»tt, n|OMOSf7^ 



B/ (CB + CS) 

-VDD>V t h (4 7) 

*NMOS 1 <D¥— FS^^-^IEEVB I AS^E 

Id, nI(OMOS F7>^^NMOSl^)^h«f 
ttA^A-^V I NWAMT-irSfCSPiaotS 

[0 113] aT, J;SELfcIsJK<n»^Sri|i 2(b) 
^fflV^-CtftP^-r^o »#M t 1 T\ A^^^V I Nri*' 

PSi:iot;-KN4i:6Wo ^l^K y — KN 4 



(4 8) X'-S-TLhtiZo 



tO 1 1 4] 



[$£48] AV = VHXCSP/ (CSP + CS4) (48) 

C S 4 liy - KN 4 fcfc, / — KN4<0«|£VN4{i&5t (4 9)' fc** c 

SJ|ES*CS P^N/tSim^Il-Cl^o ^ [0 115] 

[«fc4 9 ] VN4=VBIAS+AV (49) 

VB I AS J:«?i«^ttBE^CO«ffir(±lSgtRSP t::**o 

*riii:-tv<*<T*«EVB i asm^t^**-*--^ [01 16] 

tizAK *<D&<Dtffmm*, (50) to <t 5 

It50] t=RSPX (CSP + CS4) •■• (50) 

NMOSl^ONttl^:^^ y-KNl(DtBEVNl I3£5l] VN4-VNl=Vth (51) 

/4*i:#?-U (5 1) <DiMt^^tztZ^X\ NMO y-KNlw6EVNl)J^ (5 1) <D*{*^«fc-r 

[0 117] EEVN4^«^^ (5 2) T^^L<btt^ 0 



[3£52] VN4=VB I AS + A VX e x p (-tcg/r) 

(52) 

[0 1 18] ^-fntCiirJ:, VN4>VBIASttO L/tiS; (4 2) COVN 1 £ <9 fc>*<** 0 £*>IC, ±j£ 

T\ ±tK (5 2) <0f£Ul#££T'<7)NMOS lO^—h (5 2) t^t^VN4*\ (5 3) Srtftfc-T 

fiE(iVBIAS=l/2VDD^LTt>, 31*600 7 K CSP. RSPfeKttntfVN 1 =VHi:t 

/-KN1 ICft-v ? ^^t^#<, Lfc# [0 119] 

/ — KN 2(OtUEVN2<D«lEii^t£^J7^i 



[ft5 3] VN4=VB I AS + AVX e x p (-tcg/r) ^ V t h 

(5 3) 

JfiHieOfctf), VHl=VH^*fcSil5*#^ AVN2ia^ ft^ (54) t ft V , *lt« 7 TttW 

c g^WNMOS 3<0*»(CJ:5/— KN2<0«BE± Lfc* (4 4) tbtft LT V t h ^*:lt«tt*«* < * 

ilCTcoy- kn 2^ft-^i:J;SVN2©±M [0120] 



[^54] VN1=VH+AVN2 
Ztlfc* NMOS 3<D^ hS;EE^^16^j7CO^:^i>9 
SGt^££:**U i*i:lT, NMOS3^Ii:Ty 
— KN 2 fc^ — v^t"***^^ te&fztb, V N 2 <Z) 
Ji#»*dU:#* ;!£*»**■*• Lfc^oT, cfc^M 

[0121] ^*^!)9. mi 3 (a) ii*«w^j:** 

^■Msll&H-efcSo f^H (a) Hill (a) 

X^NMOSlMJEt5, t^h7^^^^ (Hi 
3 (a) T'linltOMOS h7>y^^NMOS 4) CO 

«j«<fc*o-ci^*o Z~X\ CBlKB2i:ll ID 1 
1 (a) 0>CB(£#tt;U 051^:052^11 K 



XCB/ (CB + CS) (5 4) 

SEEu-^/l^tfcggtes ^MOS (nl^MOShyV 

_t£-t!:*;L ttfXZZX 515**. 
[0 1 2 2] gll 3 (b) f*±a$Lfc®ttWftf£4:^-r 
* h£^U Ell 3 (c) — 

KN 1 , N 2 comfit &r^U Ull 3 (d) H/™ K 
N3, N40tfi»l:^lTl^o B$R5tAt'A^ 
/MVINr L' ti*h' H' lC**t. /-FN 1^ 

*«*Ktt«>, «{i^±#-r* 0 wixtw J: 0 y — FN 1 

<DfEVNl^NMOS3»Vt h*^±#f N 
MOS3^0Nftl(c/jr^ KN2 0«f£VN2A5 

±#u±i:«>* 0 

[0 12 3] NMOS 1 liVNl = VB I AS-V t h 
T'^-V^U A7V^;*V I NWAM^t^ttl 
W»tt*S*W*n*o KN 2(OKffiVN 2 

<Dmte£V 1 £-T6 0 ±®<0»llS±:im«, AV1=VB 



« 



IAS-Vth-VliU AVl>Vth4&tf, N' VN2HVDD^tl#t^ 
MOS 3ttON#ffi&iNiJ#U ft* (5 5) 35«ifeSh [0124] 

[!&5'5] VBIAS-Vth+ (VDD-V1) X (CBl/ (CB1 

+ CS1) ) -VDD^Vth (55) 

ZO^i^iiSl-H-t^^**^ ft* (5 [0 12 5] 

6) t^i^ti5o 

It56] r (t) =RON (t) (NMOS3) X (CB2+CS2) 

(56) 

ffiU RON ( t ) (NMOS 3) It NMOS 3 (D* , QS 3 (^11 1 d s ft. «£ft. ft* (5 7) X^PLhtl 
^ffifit^^-To «r£fcr(i, NMOS3<7)J|#) 5 0 

*3Ht. i"*t>*,-t^>-«a:RON^I^|Hlt fcfc^S [0.126] 
ft*-**)-?* ^IBG>B8fti:*<5. "#IHt 2Ciolt5NM 



[ft 5 7] Ids =AX (A V 1 - 

S3fe*S:^-r 0 t>SSiRON«:l/I dsTfc^ 
AVl<2±* (5 6) <a^ft£ftfcS**fcH^ 

Sti^\ RONWS<40, U ftffiflil 

[0 12 7] #Hlfc«-t?ti\ (NMOS 1 *><bNM 

OS 3) -CA^^/U^^' H' £VDDT'±^£-£:T, 
ft^ (NMOS4?)^NMOS6) IWA^CLT^ 
£ G NMOS4(Dy-MiVDDl:gt^ntV^ 0 ~ 
COfctf), NMOS 4 ^)^-yt7tffl4VDD-V t h 
lZt£Z 0 NMOS 6GDV — ^l±*gIB^ffl*"C*>t), ^ 

6 0 Lfc^o-C. Si 1 3 (d) |:/TtAV2|j;AVl X 

RON^'h* < 7— KN4lCjoit-6^:fi:VN 

[0 12 8] 0. IU1 4 (a) tt*«^^J;5 

mz^-rmx, mi 3 ( a ) cmucia^^otp 

6 0 (Hi 3 (a) W»fr£:*fcStt#l±. nIOMOS 

JS^iCPleJ; *) \J}s<;\s*V I N^' H' rt^' 
L' lcaC<t"T5i*. /-KN2co«0EVN2ii«'>i- 
i-fcfr*^ NM0S3^0N«li:^of:^£0V 
N2iiviN^' l ' J: 9 t>i&v ^(DX\ y — KN1|:*5 

(t^tftVNl^XB IAS-V t hi:/^^ NMOS 

LTVN2:fc£uv-KN4k::&lj' 
5m^^VN4<D±#iSj$^</ t^ l^ it?±36s»)#IHis 



V t h) X (A V 1 -V t h) 

(5 7) 

^ J: #-C#S. fe*3, IU1 4 (b) (i_hi£L 

fc[I]&<al!!jfl2£^i-*«Y s y^ft- h£r^U 
Hi 4 (c) Hty-KNl, N2tfD«ffi^ft:£^u El 
14 (d) Ji/-KN3, N4<D«ffi£ffc£^LT^ 

[0129] £ftffl| 11. m 1 5 ( a ) J: S 

M^-TH^ Hi 4 (a) teatJSLfcBfcfcoT^ 
So ^14 (a) C0«^t*/£5«BK^ nS^MOS 
h7^^^NMOS 1 (Df— hS^KkAA'^XV 
INW^U Il:nlMOSh7^^NMOS7 
Srf+AlU *<OJS2*^frNMOS l<a*2CQ»l^£S 
1C B 1 (D« 1 (7) ^ ^ OgS^l^ft L, -tco 
mi tomttAJl'^xv I NfflA^^lcffllKU * 
tt<T>¥— h^lcA^'vL^V I N£K<5L;fcV I N 
invert^A^iltl^ r (O X 0 IdflWc Lfc*§ 

VB I AS£Jl^ft< TSrtf «fc 5Kft5o <C*S* 0 1 5 
(b) fi, ±i^C0[El!S£0i&fP^^i-^>r S + — H 

4fc, El 1 5 (c) li;-KNK N2(^)tfi 
SffcfrlSttlt-^U 01 5 (d) tly — K N 3 <b N 4 <D 

[0 13 0] HlftCS|6J&l*<^fcO^*>oTli, EKS:* 
*t5iIh7y^^TFT(t4-CnIi: irttfll 

^9m»t Lxmm-tz 1 1 t> ^mm^^m-r^ 

fabXfrZo V I N i n v e r t A;>7 £ *X5 ^ 

Sfe#ij7^<Dt>CO{cMbXH, Hill (c) td^i-*0 
NMOS 2ftVMiNMOS 5<Oy — xJB^f-^rVS S 



jv7t xisy =i>£ V b9ffi<D»Sh8E<n<K\*^V =* 

^SSH^jftl-lCffl * 6 c 2: tt* 5 * l» t> ft ir \ 
[0 1 3 1 1 
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[0 7] *«W<ci:SSS^KMJ^ric*ix5«BEu-</w 
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